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This  atady  Is  dlreoted  towards  the  isolattoa  of  tlokettslal  asttgeas  and 
deteotton  of  antibodies.  Stock  sqppUes  of  GUUam,  KSto  and  Kaxp  strains 
of  Rickettala  tsataagamushl  were  propagated  in  eanbryonated  chick  eggs  and 
osed  for  Infocttng  caltnred  cells,  fofocted  MeCoy  cell  extracts  containing 
soluble  antigen  as  well  as  Infected  yolk  sacs  were  Inoculated  Into  guinea  pigs 
to  produce  antlseza.  However  the  yield  of  anilbpdy  was  low  and  only  de- 
tectable by  ffluorescent  antlbcdy  techniques.  Mors  recently  progress  was 
made  In  growing  B*  tenteugamushl  In  BBK^  cells  as  a monolayer  or  la  sus- 
pension ooltnxes.  IrmdlaM  cells  seem  to  enhance  npld  rfclnltslal  pro- 
lifevatloa  SdnbiUaatlon  alter  freesing  and  timwlng  and  by  sonlcatlon  and 
Triton  X-100  treatment  was  used  to  Isolate  sofaride  Mtlgen  for  oharaotar- 
Isatlon  and  ftutber  purification. 

An  enayme  Immuaoaasay  test  to  detect  antibodies  to  Bochallmeae  quin- 
tans In  sera  from  pattcnts  witti  trench  fover  was  evainat^wtth  soluble  anU- 
gans.  This  test  detected  antibodies  in  sera  from  known  caeos  that  were 
negative  to  otter  serologioal  tests.  However,  there  Is  an  anilgea  ttat  cross 
reacts  wltt  other  rlcfcottsla  which  appears  to  be  a Upopdysaoohaxdle  anti- 
gen. This  Upopdysaoohaxlde  seems  to  be  related  eerologloally  to  scrub 
^hns  antigen. 

la  these  studies  Infooted  odls  as  wall  as  isdstsd  samidoo  used  In  tte 
studies  were  fixed  and  examined  by  electron  mlcsoaocpy  to  monitor  tte 
stmcture  of  tte  organism  and  tte  hoot  oeQ  as  well  as  some  of  the  Isolated 
and  purified  samples. 

Foreward 

This  Ananal  Report  covers  studies  ondertakan  or  In  progress  on  riokettelal 
diseases  and 'supported  by  the  IIB  Amoy  MeOcal  Bessaroh  and  Devalcpment 
Command.  These  undertakings  are  a oonttaaallQn  of  an  ongoing  project  wMoh 
has  been  dlreotad  towards  the  Isolation  and  purlflosMon  of  riokettelal  antlgeao 
and  the  deteotton  of  rlcksHslal  aadibodles  of  scrttb  typhus  and  tranrt  fovsr. 

la  raising  aatibodlos.  wlthdrawlaf  aaMasra,  and  psrforaalng  toxlelty  tests 
the  Invsstliators  adhered  to  the  'thttde  tor  LMmatery  Aafanal  FaoIUttss  and 
Cars"  as  prosenlfated  bf  the  Coaunlttes  on  the  Onlde  for  Labomteiy  Aafand, 
Resonress.  Halloanl  Aeademy  of  Belanoss-Hnilenal  Ressareh  Connell. 
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Ptnouiel!  The  ohenges  which  have  occurred  during  the  peat  jeer  have 
been  maxM  and  moat  of  these  have  been  detailed  In  tte  various  lettem  and 
reports  that  we  have  made  to  this  granting  agency.  Since  July  1,  1976  Dr.  J. 
William  Vinson  has  been  retired  from  active  academic  duties  In  the  Depart- 
ment of  Microbiology.  However,  he  was  still  retained  and  on  salary  u^ 
Jannary  1,  1977.  He  stlU  frequently  visited  tibe  laboratory  and  hriped  ns  by 
advlstng  us  on  mapy  aspects  of  rickettsial  cultivation  and  related  serologloal 
stndlea.  During  the  coming  year,  he  has  agreed  to  continue  his  Interest  In 
our  work  and  will  collaborate  with  ns  In  some  aspects  of  proposed  studies. 

Dr.  Jaok  Whttesoarver  who  shared  the  major  dally  reqwnsUblllty  of 

his  program  la  rickettsial  stndlea  has  resigned  his  research  associate 
position  to  take  on  an  administrative  post  at  NIH  on  June  20,  1977.  His  loss 
to  the  program  put  the  present  study  In  a precarious  position  but  fortunately. 

Dr.  A.  Bruce  MaoDonUd  who  was  already  a Pxofosslonnl  Asslatant  on  fols 
Besearoh  Contract  became  available  and  Interested  In^aldng  on  a major 
responsibflity  In  this  project,  in  the  relatively  short  period  of  Just  over  two 
monOis,  Dr.  MacDonald  and  his  research  assistant  have  made  ratter  remark- 
able strtdas  In  the  cultivation  as  well  as  purlfloatlon  of  antigens  from  Blckettela 
tsuttugamusM.  Some  of  these  early  resolta  are  elaborated  In  varlons  parts  of 
this  propowT.  The  enttuslasm  and  vigor  of  Dr.  MacDonald's  approach  to  tte 
rlohettalal  antigen  problem  seems  to  be  showfng  considerable  promise.  Since 
Dr.  MacDonald  will  be  tte  primary  person  to  be  Involved  In  tte  execution  of  a 
nmjor  porttan  of  this  propoMl,  It  Is  appropriate  that  he  Is  tte  otter  principal 
investigator.  The  badtgxound  and  olo^y  parallel  studbr  that  Dr.  MacDonald 
has  and  Is  doing  wMh  oUamydla  seems  to  fit  In  very  well  with  tte  proposed 
rioheWnlal  sindtos.  Many  of  the  same  techniques  can  be  transforred  directly 
to  the  pxeooBit  work  and  so  far  these  teobnlqoes  seem  to  be  Ideally  suited  for 


Dr.  lb  and  Dr.  Vinson  oontlnne  their  dose  odlaboratlon  In  their  dtra- 
sbnelniai  stndlu  and  the  onrrent  collaboration  of  the  dtrastruotarsl  analyais 
of  the  ilohsllsial  osltnres  has  sgate  proven  b be  a valuable  and  compUmenbry 
dmok  an  tta  Idesfillnatlen,  prolffoxaibn,  and  central  of  eonbminatlon  by 
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Reseaxoh  Progress:  Daring  the  course  of  this  grsnt  period  s noinber 
of  unforoseen  changes  In  personnrt  In  the  professional  and  research  assis- 
tant group  has  taken  place.  Ih  spite  of  these  events  It  Is  felt  that  we  have 
made  considerable  progress  on  this  contract. 

m the  early  period  of  the  current  year.  Dr.  Michael  HoUlngdale  com- 
pleted his  program  of  work  on  the  antics  of  An 

enzyme  Immunoassay  (ELBA)  test  for  detecting  antibodies  to  fi.  gglBltW 
In  sera  from  patients  with  trench  fever  and  ftarttier  evaluated,  using  the 
soluble  antigen  previously  described.  The  test  proved  hl^y  senstlve  and 
detected  antibodies  In  several  sera  from  known  trench  fever  cases  that  were 
negative  In  other  serologloal  tests.  However,  some  sera  from  ottier 
rickettsial  Infections  also  reacted.  Nine  of  9 scrub  ^fans  sera  were  positive, 
as  were  several  epidemic  and  endemic  typhus  sera,  and  a slnf^e  Rocky 
spotted  fever  serum.  The  cross-reacting  ant^en  appeared  not 
to  be  cytoidasmlo  protein  but  a oeU  envelope  lipcpolysaccharlde  (LPS) 

This  die  results  of  oounterlrnmnnoeleotraidioresls  (CIE) 

where  cross  reaction  using  solubilized  cell  envelope  antlgeas  occurred  but 
no  cross  reactions  oocurred  with  soluble  antigen.  It  Is  likely  that  the  absence 
of  cross  resctlons  of  the  soluble  anttgen  In  CIE  compares  to  EUA  Is  due  to 
the  lower  sensitivity  of  die  CIE  test  and  die  small  amounts  of  LPS  In  the 
soluble  anttgen  released  by  sonloatlon  (as  reported  earUer)  that  are  reactive 
only  In  ELISA. 

During  this  program,  LPS  has  been  demonstrated  In  R.  qglptyB*  ^ 
various  procedures.  It  Is  die  first  observatton  of  riduttslal  LPS.  It  appears 
sevdogloally  related  to  a slmOary  component  In  tsntsugamushl  (scrub 
typhus).  The  posslbiltty  ealsts  In  addition  that  rtohettslal  LPS  Is  similar. 

If  not  Identfcal,  in  all  species.  Nkmeroos  sercSogloal  tests  have  been  described, 
passive  hemagi^latlnatlott,  latex  aggSuMcnatlon,  radlolmmuncpre- 
olpltatlon,  CIS  and  ELIA.  Each  test  dUfsrs  In  sensitivity,  qieoiflolty  and  ease 
of  operattcn,  with  CIS  belag  the  most  suitable  for  day-to-day  use,  parttcularly 
for  large  numbers  of  sera.  Ottwr  antlgans  of  R.  sgbj^  have  been  Invest- 
igated and  described.  It  Is  fott  that  these  resnltB  are  of  considerable  use  and 
tppHftett***  to  the  other  riekottslal  q>eoles  and  for  the  ducldatton  of  rickettsial 
patbogenelotty.  ■ The  owl  monksy  sxperimeBto  with  Rochallmaea  quintal  were 

At  two  weekly  Interfols,  the  Infootad  monkeys  are  bled  and  die  blood 
screened  for  rtcksttssnia  and  serum  antibody. 

Stook  wfTit—  of  amiam,  Kalo  and  Karp  strains  of  scrub  typhus  were  made 
by  serial  propagattcn  In  six  day  smbryonated  eMcdEsn  aggs.  Freshly  harvested 
sonfo  typhus  Infootad  yolk  sao  was  homogeiiiBed  and  aaed  at  a 10%  oonoentraMon 
to  Miot  osll  ouNures.  Vero,  BTgo.  tlok,  and  MbCoy  odls  were  Infootad  and 
aU  osll  llnss  aapportsd  rloksttslul  growth.  However,  MoCoy  osils  provided  ttw 
boat  resulfo  wllh  a 44>  Infoollon  In  • days.  This  oeU  sysism  was  used  to  pro- 
pagate aotah  typhus  for  afosaaphi  at  soMble  oattgsn  pr^paratloa. 
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Oulnea  pigs  were  used  to  relse  anttsera  against  the  yolk  sac  grown  scmb 
typhus.  The  antigen  was  prepared  by  solubilizing  with  sonlcation  followed  by 
oentzlfogatlon.  The  soluble  luitlgen  was  inoculated  In  guinea  pig  foot  pads  with 
Freunds  oomplets  rnDvrant.  The  antlsexa  acquired  by  this  method  was  of  such 
a low  titer  toat  no  precfottin  bands  could  be  observed  on  itmadnodlffaslon 
plates.  However,  ftuoresceat  antibody  (FA)  techniques  indicated  a low  level 
of  antlbotty  directed  toward  toe  scrub  typhus  rickettsla.  After  consulting  with 
Bis.  Marilyn  Bozeman,  we  inoculated  guinea  pigs  intra-cerebrally  with  the 
ytdk  sac  grown  antigen  and  collected  antisera  In  28  days. 

To  eliminate  precipitin  bands  associated  with  yolk  sac  components, 
soluble  antigen  was  pnpured  from  scrub  typhus  agent  grown  In  McCoy  cells. 

The  host  cell  was  lysed  by  freezing  and  thawing:  toe  resultant  material  was 
sonicated  In  the  presence  of  1%  v/v  Triton  X-100  and  partially  clarified  by 
oentrlfogation.  The  sigwniatant  was  concentrated  3-fold  by  dialysis  against 
etUene  idyool.  The  final  soluble  antigen  provided  no  detectable  precipitin 
lines  against  toe  28  day  antisera.  However,  FA  demonstrated  antibody  directed 
to  scrub  rickettsla  even  toough  at  low  titers.  The  soluble  antigen  was  placed 
on  an  acrylainlde  gel  eleotrophoretio  system  along  wlto  s<dubllized  McCoy  cells 
for  a control.  Only  parallel  bands  were  detected,  indicating  our  rickettsial 
antigen  is  at  a very  low  level.  Therefore,  we  are  now  worfclngat  increasing  the 
oonoentratlon  of  rickettsial  antigen.  Our  first  approach  is  to  double  toe  amount 
of  Infected  McCoy  cell  monolayers  and  partially  dlarliy  the  rickettsla  by  density 
gradient  centrtftigaiion  according  to  Obtjeskl  and  Palmer  0>ersonal  communi- 
cation) using  potasslnm  tartrate  and  ^lyoerol. 

We  wOl  not  be  able  to  proceed  wlto  toe  two  dimensional  immunoelectro- 
phorsnls  until  we  observe  precipitin  bands  In  the  immunodiffosion  plates.  Pre- 
olptttn  bands  are  dependent  on  adequate  levels  of  antigen  and  precipitating  anti- 
body. We  do  plan  to  look  at  protelu  of  the  various  antigen  preparations  In  an 
efioit  to  dooorfbe  rickettsial  speolfio  protein  bands  by  acrylamide  gel  eleotro- 
phorssis.  If  we  are  snooessfol  in  doli^  tots,  isoelectric  focusing  can  be  em- 
ployed to  ftutoer  resolve  scrub  typhus  proteins. 

Throogboiit  this  period  we  have  made  routine  fixations  for  deotron  micro- 
scopy of  scrub  typhus  microorganisms  gorwn  In  the  McCoy  cells  and  In  some  of 
the  olddc  yolk  sacs  from  Infsoted  embryos.  Thin  sections  of  embedded  material 
were  examined  to  confirm  the  Glemsa  stained  smears  for  toe  frequency  and 
Ifltmoellalar  localisation  of  fits  rldwttsla.  A series  of  electron  miorogrtytos 
of  £.  tsntsuxamnahl  In  infected  cells  has  been  made. 

After  the  active  aealetance  and  collaboration  of  Dr.  MacDonald  was  arranged 
for  the  present  study,  we  have  made  much  progress  in  o«  aim  to  grow  rickettsla 
and  Isclats  antigens.  Coeeunent  with  this  effort,  electron  microscopy  has  been 
ftdly  ntmsad  to  monitor  and  direct  these  efforts.  Samides  of  many  infocted 
ohltnred  oaila,  as  well  as  peOets,  remaining  after  extraction  of  the  soluhle  an- 
tigens were  examined  in  thin  sections  by  transmission  eleetron  tnioroscopy. 
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We  have  found  that  & tsutaagaixMishl  grows  moderately  well  In  BHKm 
cells  whettMr  grown  as  a monolayer  or  In  suspeoston  ooltures.  The  previous 
work  on  McCoy  cells  where  these  same  rickettslae  could  be  grown  in  great 
abundance  was  discontiniied  because  of  ttie  presence  of  numerous  mycoplasma 
and  C type  virus  parttcles  normally  present  In  this  cell  line.  These  were 
observed  by  electron  microscopy. 

On  an  attempt  to  induce  rapid  proUferatlon  and  larger  numbers  of 
rickettslae,  cells  were  irradiated  with  5, 000  R from  a cobalt  source 

prior  to  Inoculation  wltti  g.  tsutsugamushl.  This  radiation  Inhibits  cell 
division  and  proliferation  of  the  BBKgi  edls  but  does  not  kill  them.  Furttier- 
more,  this  treatment  does  not  seem  to  cause  marked  ultrastructural  changes 
In  the  cultured  cells  but  Irregular  shaped  nuclei  and  multlnueleated  cells  were 
common,  m these  Irradiated  cells  the  rlckettsla  grew  In  great  abundance 
within  days  compared  to  the  weeks  required  for  a lower  concentration  of 
rickettslae.  The  actual  determination  of  ttie  nltrastmctunl  features  of  the 
Infection  and  proliferation  of  R.  tsutsugamushl  In  these  Irradiated  cells  remains 
to  be  determiiMd  but  some  preliminary  observations  on  their  (Rstrfbntion  and 
oharaotexlstios  have  been  (Served. 
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